Abstract Cervical cancer is one of the most important disease burdens experienced by Vietnamese-American women. Human papillomavirus (HPV) is the etiological agent in almost all cases of cervical cancer. We surveyed Vietnamese-American women to determine receipt of HPV vaccine and assessed if limited English proficiency and knowledge related to HPV vaccine were associated with HPV vaccine uptake. Of the 113 Vietnamese-American women who participated in the study, 58 % (n = 68) was born in Vietnam. The mean years of residency in the United States was 12.75 years. Only 16 (14 %) reported receiving HPV vaccine and 11 (9 %) reported receiving all three shots. Thirteen women responded that they are not at all likely to receive HPV vaccine. Of the whole sample, 47 % (n = 53) reported proficiency in spoken and written English. English proficiency was significantly associated with receipt of HPV vaccine (OR = 4.4; confidence interval (95 % CI) = 1.2; 16.50; p = 0.03). Of the knowledge items, 70 % (n = 79) responded correctly that HPV increases the risk for cervical cancer. However, as many as 60 % responded incorrectly, that HPV infection can be cured with medication. The item, ''People infected with HPV can be cured with medication,'' was the most important variable associated with receipt of HPV vaccine. Specifically, those with correct response were 3.8 times more likely to report receiving the HPV vaccine (OR = 3.8; 95 % CI = 1.1; 13.5; p = 0.04). Important public health needs are the development and evaluation of educational programs on HPV and cervical cancer that are designed for Vietnamese-American women.
Introduction
Asian-Americans [1] account for 13.4 million of the US population. Characterized by heterogeneous immigration histories and cultures, Asian-Americans consist of more than 60 different ethnicities and 30 different languages [2] . More than 1.5 million of Asian-Americans are of Vietnamese descent [1] . A relatively recent immigrant group, a majority of Vietnamese-Americans came to the US as refugees, and with limited English proficiency (LEP). LEP, defined as a limited ability to read, write, speak, or understand English [3] , has been shown to influence health behaviors and health outcomes. Among Asian immigrants, LEP is an important factor for access to primary prevention services and is a significant correlate of knowledge, attitudes, and beliefs related to health [4] [5] [6] [7] [8] [9] [10] .
To date, Vietnamese-Americans have a disproportionate disease burden relative to other ethnic groups in the US. Vietnamese women in particular, have two times higher incidence of cervical cancer compared to non-Hispanic white women [11] . Indeed, the President's Advisory Commission [12] on Asian-Americans identified cervical cancer among Vietnamese women as one of the most important disease burdens experienced by Asian-Americans. Thus, prevention programs for cervical cancer targeting Vietnamese-American women have immense public health significance.
Human papillomavirus (HPV) is the etiological agent in almost all cases of cervical cancer [13] . It has been found that persistent infection with high risk Human Papillomavirus (HR-HPV) (types 16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59, or 68) can lead to development of anogenital cancers (i.e., cervical cancer); in fact, HPV has been found in 90 % [14] to 100 % [15] of cervical cancer lesions. HPV infection is the most common sexually transmitted infection (STI) in young sexually active populations in developed countries. In the US, approximately 20 million Americans are infected with HPV, almost half (9.2 million) of whom are adolescents and young adults aged 15-24 years [16] . Moreover, an estimated 6.2 million new cases of HPV infection are diagnosed annually among the US population aged 15-44 years, 75 % of which occur among individuals 15-24 years of age [16] .
In June 2006, a quadrivalent vaccine to protect against HPV types 16 and 18 which are responsible for over 70 % of cervical cancers [17, 18] and HPV types 6 and 11 which are responsible for the infections associated with anogenital warts [19, 20] was licensed for females. The release of this vaccine was groundbreaking. It was the first approved vaccine which could prevent cancer. It is routinely recommended for females ages 11-12 and catch-up vaccination is recommended for females ages 13-26 who had not received it [21] . It is administered intramuscularly in a 3-dose series; the second and third doses are administered at 2 and 6 months after the first dose. Receipt of the HPV vaccine has the huge potential to decrease cervical cancer morbidity and mortality. In this study, we surveyed Vietnamese-American women in the Houston Metropolitan area to determine receipt of HPV vaccine and specifically assessed the influence of limited English proficiency and knowledge related to HPV vaccine on receipt of HPV vaccine. We hypothesized that both English proficiency and knowledge will be significant correlates of receipt of HPV vaccine in this population. The city of Houston has the largest number of AsianAmericans in the state of Texas, with Vietnamese-Americans as one of the largest Asian-American populations in the Houston metropolitan area [2, 10] . The findings from this study may therefore, help inform the development of health services to meet the unique needs of Vietnamese-Americans in the Houston metropolitan area.
Materials and Methods

Subjects
Our population of interest was Vietnamese-American women, age 18 and older and living in the metropolitan area of Houston, Texas. Eligibility criteria were: (1) age 18 years or older, (2) a resident of metropolitan Houston area, (3) Vietnamese-American, (4) female, and (5) provide informed consent. Over a 2-month period, potential participants were approached by bilingual interviewers at community centers frequented by the Vietnamese community. Participants were compensated with a $10 gift certificate for their time. The project was approved by the University of Houston Committee for the Protection of Human Subjects.
Data Collection
All surveys were conducted in person, either in Vietnamese or English by trained staff members who were fluent in the participant's preferred language, and at community centers or at the recruitment sites to provide a comfortable setting. All survey instruments were pre-transcribed into Vietnamese.
Instruments
Content and face validity of survey instruments (described below) were assessed and approved by the Project Advisory Committee (PAC). The PAC was comprised of 10 members, including health practitioners (one physician and nurses), advocates, and community representatives. Of the 10 PAC members, four were Vietnamese-Americans. The instruments were translated and back-translated by bilingual (English-Vietnamese) interpreters.
English Proficiency Assessment
Limited English proficiency (LEP) is defined as a limited ability to read, write, speak, or understand English [22] . We assessed the respondents' level of English proficiency using the English proficiency subscale of the acculturation scale for Southeast Asians developed by Anderson and colleagues (36) . The items included the following: ''How well do you understand English when spoken to you?''; ''How well do you speak in English?''; ''How well do you read in English?''; and ''How well do you write in English?''. Likert-type response options were ''very well,'' ''well,'' ''somewhat well'', ''not well,'' and ''not at all,'' with a corresponding score of 5, 4, 3, 2, and 1, respectively. A higher total score on these four items indicated a higher level of proficiency in English. For this study, we found internal consistency reliability, Cronbach's a = 0.97.
Knowledge Related to HPV, HPV Vaccine Uptake, and Likelihood of HPV Vaccine Uptake
Knowledge related to HPV was assessed using items from the work of Massad et al. [23, 24] and Brabin et al. [25] . Receipt of HPV vaccine was assessed by asking ''Have you ever received the HPV Vaccine or HPV shots'' and a follow-up question ''Did you receive all three doses of the HPV vaccine?''
The likelihood of receiving HPV vaccine was assessed by asking How likely are you to get the vaccine? Would you say you are not at all likely, somewhat likely, very likely, or extremely likely? These items were taken from the 2007 California Health Interview Survey [26] .
Demographic characteristics, access to care (insurance status) and other variables (relationship status) were also assessed to better characterize the study population.
Statistical Analyses
The associations between the study variables were assessed using Pearson's Chi square analysis and analyses of variance. Logistic regression analyses were conducted to: (1) assess the association between English proficiency and receipt of the HPV vaccine and (2), the association between the knowledge items and receipt of the HPV vaccine. We used multivariable logistic regression to assess the relative importance of the knowledge items with respect to receipt of the HPV vaccine. All tests were two-sided. The SPSS version 17 was used in the analyses.
Results
Demographics
A total of 113 Vietnamese-American women participated in the study. Table 1 , Panel A shows the distribution of the whole sample by selected characteristics. The mean years of residency in the United States for the whole sample was 12.75 years [standard deviation (SD) = 8.6]. The mean age overall was 22 years (SD = 3). Fifty-eight percent (n = 68) of the sample was born in Vietnam. A majority (n = 65) of the sample reported themselves as students. Approximately 32 % reported having no health insurance.
Receipt of HPV Vaccine
Only 14 % (n = 16) of the sample reported receiving HPV vaccine. Of these, 69 % (n = 11) reported receiving all three shots. Overall, 44 % (n = 50) reported not receiving the vaccine. Interestingly, 13 women responded that they are not at all likely to receive HPV vaccine; 20 are somewhat likely; 20 are very likely and 12 are extremely likely to receive the vaccine in the future. Table 1 , Panel B, shows receipt of HPV vaccine by selected study variables. We found that the variable, years of residency in the US, is associated with receipt of HPV vaccine. Specifically, those who have lived longer in the US are more likely to receive HPV vaccine (17.07 vs. 12.04; p = 0.05). We also found that English proficiency is significantly associated with receipt of HPV vaccine (p = 0.04).
English Proficiency
Forty-seven percent (n = 53) of the whole sample reported having the ability to understand spoken English very well, as well as having the ability to read, speak, and write in English very well. Mean English proficiency score for the whole sample was 17.44 (SD = 2.96). Table 1 , column C, shows the mean English proficiency scores by selected variables. We observed that mean English proficiency scores significantly varied by length of residence in the United States (p \ 0.0001); country of birth (p \ 001); and insurance status (p \ 0.001). Of interest is that we did not observe statistically significant differences in mean English proficiency score by level of education (p = 0.078).
Knowledge Related to HPV Table 2 , Panel A shows the distribution of correct responses on the knowledge items related to HPV vaccine. Seventy percent of the sample (n = 79) responded correctly that HPV increases the risk for cervical cancer. However, as many as 60 % responded incorrectly, that HPV infection can be cured with medication. In addition, only 58 % correctly responded that adolescents are likely to get infected with HPV once they start having sex. When we assessed the extent to which these knowledge items are associated with receipt of HPV vaccine, we found that most items were significantly associated with receipt of HPV vaccine ( Table 2 , Panel B). Marginal significance for the items regarding transmission of HPV (Women get infected with HPV and pass the virus to partners and men get infected with HPV and pass the virus to partners) was observed (p = 0.061; p = 0.069, respectively).
Multivariable Analysis
We conducted multivariable logistic regression in order to assess the influence of limited English proficiency on receipt of the HPV vaccine, adjusting for years of residency J Community Health (2013) 38:805-811 807 in the US. We also assessed which of the knowledge items was most associated with receipt of the HPV vaccine. Table 3 , Panel A, shows that English proficiency was significantly associated with receipt of the vaccine. Those who were proficient were 4 times more likely to receive HPV vaccine. Of the knowledge items (Table 3 , Panel B), the item ''People infected with HPV can be cured with medication'' was the most important predictor for receiving HPV vaccine. Specifically, those who correctly responded were 3.8 times more likely to report receiving the HPV vaccine (OR = 3.8; 95 % confidence interval = 1.1; 13.5; p = 0.04).
Discussion
Our hypothesis that limited English proficiency would be a correlate of receipt of the HPV vaccine in Vietnamese American women was supported by the results. Women who reported having the ability to write, understand, read, and speak English very well were significantly more likely to have received the HPV vaccine than women who reported less proficiency in English. Only 14 % of the sample reported receiving the HPV vaccine or shots, and only 69 % of these individuals had received all three shots. National surveys of representative samples of American women have also found that vaccination rates for the HPV vaccine remain low. The National Immunization Survey of Adults in 2007 found that only 9.9 % of the adult women surveyed in the age range of 18-26 had received at least one dose of HPV vaccine (CDC, 2007) . Similarly, a crosssectional survey of females aged 13-26 found that only 9 % of 18-to 26-year-olds reported receipt of at least one HPV vaccine. Thirty percent of 13-to 17-year-olds reported receiving at least one HPV vaccine [27] . The National Health and Nutrition Examination Survey in 2007-2008 found that 15.2 % of the females aged 11-26 reported HPV vaccine initiation [28] . Unfortunately, the vaccination rates for Vietnamese-American women were not reported in any of the national surveys.
It should be noted that 9 women responded that they are not at all likely to receive HPV vaccine. VietnameseAmerican women face multiple barriers to receiving optimal medical care, including preventive vaccines. Limited English proficiency is associated with less than adequate primary health care, including preventive care [29] [30] [31] . When health care providers do not speak the language of their patients, then communication barriers typically exist. Many clinics lack adequate translation services and may rely on family members or others who are not trained medical translators. In addition to language barriers, many VietnameseAmerican women may face financial barriers to obtaining preventive vaccines. In our sample, 32 % of the women had no health insurance, and only 26 % reported private health insurance. Recent research results suggest that cost of the HPV vaccine is a significant barrier for individuals who lack adequate health insurance [32, 33] .
In our results, knowledge related to HPV was also significantly associated with receipt of the HPV vaccine. Most of the knowledge items were significantly associated with initiation of the vaccine. The incorrect belief that people infected with HPV can be cured with medication was the most important variable in the multivariate analyses associated with receiving the vaccine. Women who did not endorse this belief were almost four times more likely to report receiving the vaccine. Previous research has documented that Asian-American women had limited knowledge about HPV [34] .
Our results suggest that Vietnamese-American women in the Houston area could benefit from education on the HPV vaccine and its role in preventing cervical cancer. Future research should address the development and evaluation of culturally appropriate educational programs on HPV and cervical cancer for Vietnamese-American women. As the recommended age for receiving the vaccine is 11-12 years, with catch-up vaccinations recommended for ages 13-26, such programs should focus on educating parents as well as the girls and young women who may receive the vaccine. Given the importance of elders in Vietnamese-American culture, including parents and grandparents in educational programs should enhance their efficacy [35] .
Our study has several limitations. We used a convenience sample of women, limiting the generalizability of our findings. It is possible that our sample is not representative of the population of Vietnamese-American women living in the Houston area. A selection bias also is possible given that the women were willing to complete an interview on preventive health practices. Our measure of vaccine receipt was based on self-report and not corroborated by medical records. Previous research, however, has documented that self-report is a valid measure of receipt of preventive vaccines [36, 37] .
In conclusion, Vietnamese-American women experience disparities in the incidence of cervical cancer. The HPV vaccine is crucial for preventing the development of this potentially life-threatening disease. Our results indicate that limited English proficiency and knowledge of HPV are important factors associated with receipt of the HPV vaccine in Vietnamese-American women. Important public health needs are the development and evaluation of educational programs on HPV and cervical cancer that are designed for Vietnamese-American women.
